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to. Suppofe now the rays which go to # to be the indigo- 
making rays. It is manifeft that the boards AB, CD, and 
prifm NOP remaining immoveable, both the violet-making 
and indigo-making rays are incident alike upon the prifm 
NOP, forthey are equally inclined to its furface OP,and enter it 
in She fame part of that furface; which fhews that the indigo- 
maRing rays are lefs diverted out of their courfe by the re- 
of the prifm, than the violet-making rays under an 
parity of all circumftances. Farther, if the prifm G 
Ipe more turned about, ’till the blue-making rays pais 
ugh the hole L, thefe fhall fall upon the furface QR 
elow J, as at v, and therefore are fubjected to a lefs re- 
fraction than the indigo-making rays. And thus by pro- 
ceeding it will be found that the green-making rays are 
lefS refracted than the blue-making rays, and fo of the reft, 
according to the order in which they lie in the coloured 
fpectrum. 







H 


4. Tus difpofition of the different coloured rays to 
be refracted fome more than others our author calls their 
refpective degrees of refrangibility. And fince this differ- 
ence of refrangibility difcovers it felf to be fo regular, the 
next ftep is to find the rule it obferves. 


y. Ir is a common principle in optics, that the fine of 
the angle of incidence bears to the fine of the refracted an- 
gle a given proportion. If AB (in fig. 131, 132) re- 
prefent the furface of any refracting fubftance, fuppofe of 
water or glafs, andC D a ray of light incident upon that fur- 
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face in the point D, let DE be the ray, after it has paffed the 
 furface AB; if the ray pals out of the air into the fubftance 
whofe furface is AB (as in fig. 131) it fhall be turned 
from the furface, and if it pafs out of that fubftance into. 
air it fhall be bent towards/it (as in fig. 132) But if 
FG be drawn through the point D perpendicular to ie 

furface AB, the angle under CD F made by thé incjdent’ 
ray and this perpendicular is called the angle of incidence; 
and the angle under BID G, made by this perpendicular and the 
ray after refraction, is called the refracted angle. An if 
the circle HFIG be defcribed with any interval cutting 
D in H and D Bin I, then the perpendiculars H K, IL (os 
ing let fall upon F G,-HK is called the fine of the angle 
under C DF the angle of incidence, and IL the fine of 
the angle under EDG the refracted angle. The firft of 
thefe fines is called the fine of the angle of incidence, or 
more briefly the fine of incidence, the latter is the fine 
of the refracted angle, or the fine of refraction. And it 
has been found by numerous experiments that whatever 
proportion the fine of incidence H XK bears to the fine of 
refraction IL in any one cafe, the fame proportion fhall 
hold in all cafes; that is, the proportion between thefe fines 
will remain unalterably the fame in the fame refra@ting fub- 
flance, whatever be the magnitude of the angle under C D Fy 





6. Bur now becaufe optical writers did not obferve that 
every beam of white light was divided by refraction, as has 
been here explained, this rule collected by them can on- 
ly be underftood in the grofs of the whoie beam after re- 
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fraétion, and not fo much of any particular part of it, or 
at moft only of the middle part of the beam. It therefore 
was incumbent upon our author. to find by what law the 
rays were parted from each other; whether each ray apart 
sel ‘this property, and that the feparation was made 
bytthe proportion between the fines of incidence and refra¢ti- 
‘on being in each fpecies of rays different; or whether 
the flight was divided by fome other rule. But he 
profs by a certain experiment that eath ray has its fine of 
yncilence proportional to its fine of refraction; and farther 

ews by mathematical reafoning, that it muft be fo upon 
condition only that bodies refraét the light by acting 
upon it, in a direction perpendicular to the furface of the 
refracting body, and upon the fame fort of rays always in 
an equal defree at the fame diftances*. 


4. Our great author teaches in the next place how from 
the refraGion of the moft refrangible and leaft refrangible rays 
to find the refraction of all the intermediate ones’, The 
method is this: if the fine of incidence be to the fine of re- 
fraction in the leaft refrangible raysas A to BC, (in fig. 13 3)and 
to the fine of refraction in the moft refrangible as A to B D; 
if CE be taken equal to CD, and then ED be fo divided 
#h F, G, H,1, K, L, that ED, EF, EG, EH, EI, EK, El, 
EC, thall be preportional to the eight lengths of mufical 
chords, which found the notes in an octave, ED being 
the length of the key, EF the length of the tone above 
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that key, EG the length of the lefler third, EH of the 
fourth, EI of the fifth, EK of the greater fixth, BL of 
the feventh, and EC of the o@ave above that key ; thatis if 
the lines ED, EF, EG, EH, EI, EK, EL, and ECbear the fame 
proportion as the numbers, J, }, £, 2, $5 3, 4, 5, re{pectively 
then fhall B D, BF, be the two limits of the fines of refraction of 
the violet-making rays, that is the violet-making? rays, fhalf 
not all of them have precifely the fame fine of refraftion , 
but none of them fhall have a greater fine than BD,» nor 
a lefs than. BF, though there are violet-making rays which 
anfwer to,any fine of refraétion that can be taken 
tween thefe two. In the fame manner B F and BG 
are the limjtsadf the fines of refraction of the indigo-ma- 
king rays; BG, BH are the limits belonging to the blue- 
making rays; BH, BI the limits pertaining to the gréen-ma- 
king rays, B1, BK the limits for the yellow-making rays; 
BK, BL the limits for the orange-making rays; and laftly, 
BL and BC the extreme limits of the fines of refraétion 
belonging to the red-making rays. Thefe are the propor- 
tions by which the heterogeneous rays of light are feparated 
from each other in refraction. 


8. Wuen light paffes out of glafs into air, our author 
found A to BC as yo to 77, and the fame A to BD as se. 
to 78. And when it goes out of any other refracting fub- 
ftance into air, the excefs of the fine of refraction of any 
one fpecies of rays above its fine of incidence bears.a con- 
ftant proportion, which holds the fame in each fpecies, to 
the excefs of the fine of refraGtion of the fame fort of rays 

above. 
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above the fine. of incidence into theair out of glafs; provided 
the fines of incidence both in glafs and the other fubftance 
are equal. This our author verified by tra&f{mitting the 
light through prifms of glafs included within a prifmatic 
veflel of water; and draws from thofe experiments the fol- 
lowing obfervations: that whenever the light in paffing 
through fo many furfaces parting diverfe tranfparent fub- 
{tances is by contrary refractions made to emerge into the 
air in a direction parallel to that of {ts incidence, it will 
appear afterwards white at any diftance from the prifms, 
‘where you fhall pleafe to examine it; but if the direétion 
of its emergence be oblique to its incidence, in receding 
from the place of emergence its edges fhall appear tinged 
with colours: which proves that in the firft cafe there is 
no inequality in the refractions of each {pecies of rays, but 
that when any one fpecies is fo refracted as to emerge pa- 
rallel to the incident rays, every fort of rays after refraéti- 
on {hall likewife be parallel to the fame incident rays, and 
to each other; whereas on the contrary, if the rays of 
any one fort are oblique to the incident light, the feveral 
fpecies fhall be oblique to each other, and be gradually 
feparated by that obliquity. From hence he de- 
duces both the forementioned theorem, and alfo this other; 
that in each fort of rays the proportion of the fine of in- 
cidence to the fine of refration, in the pailage of the ray 
out of any refracting fubftance into another, is compounded 
of the proportion to which the fine of incidence would have to 
the fine of refraétion in the paflage of that ray ‘out of the 


firft fubftance into any third, and of the proportion which 
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the fine of incidence would have to the fine of refraction 
in the paflage e of the ray’ out of that third fubftance into 
the fecond. ‘From fo fimple and plain an experiment has 
our moft judicious author deduced thefe important theo- 
tems, by which we may learn how very exaét and circum- 
fpect he has been in, this whole work of his optics; that 
notwithftanding his great particularity in explaining his 
do@rine, and the numerous collection of experiments he 
has made to clear up every doubt which could arife, yet 
at the fame time he has ufed the greateft caution to make 


out every thing by the fimpleft and eafieft means poffiblc. 


9. Our author adds but one remark more upon refra- 
‘tion, which is, that if refraction be performed in the man- 
ner he has fuppofed from the light’s being preffed by the 
refracting power perpendicularly toward the furface of the 
refracting body, and confequently be made to move fwifter 
in the body than before its incidence; whether this power 
act equally at all diftances or otherwife, provided only its 
power in the fame body at the fame diftances remain with- 
out variation the fame in one inclination of the incident 
rays as well as another ; he obferves that the refracting po- 
wers in different bodies will be in the duplicate proportion 
of the tangents of the leaft angles, which the refracted lighe 
can make with the furfaces of the refra@ing bodies. This 
obfervation may be explained thus. When the light paffes 
into any refracting fubftance, it has been fhewn above that 
the fine of incidence bears a conftant proportion to the fine 

| ® Opt. B, I, par, 3. prop. to, 
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ef refraction. Suppofe the light to pafs to the refracting 
body ABCD (in fig.13 4)in the line E F, and to fallupon itat the 
‘point F, and then to proceed within the in the line: 
FG. Let HI be drawn through F perpendicular to the fur- 
face AB, ‘and any circle KLMN be defcribed to the cen- 
ter F. Then from the points 0 and Pwhere this circle cuts 
. the incident and refracted ray, the perpendiculars OQ, PR 
being drawn, the proportion of OQ,to PR will remain 
the fame in all the different obliquities, in which the fame ray 
light can fall on the furface AB. Now 0Q_ is lefs than 
FL the femidiameter of the circle KLMN, but the more 
the ray EF is inclined down toward the furface AB, the 
greater will OQ be, and will approach nearer to the ma- 
gnitude of FL. But the proportion of OQ to PR remain- 
ing alwiys the fame, when OQ is largeft, PR will alfo be- 
greateft ; fo that the more the incident ray EF is inclined. 
toward the furface AB, the more the ray FG after refradti- 
on will be inclined toward the fame, Now if the line 
FST be fo drawn, that $V being perpendicular to FI fhall 
be to FL the femidiameter of the circle in the conftant pro- 
portion of PR to OQ; then the angle under NFT is that 
which I meant by the leaft of all that can be made by the 
refracted ray with this furface, for the ray after refraction 
would proceed in this line, if it were tocome to the point 
F lying on the very furface AB; for if the incident ray 
came to the point F in any line between AF and FH, the 
ray after refraction would proceed forward in fdme line 
between FT and FI. Here if NW be drawn perpendicu- 
lar to FN, this line NW in the circle KLMN is called. 
| the. 
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the tangent of theangle under NFS. Thus mach being premi- 
fed, the fen{gof the forementioned:prapofition is this. Let there 
be two refrad&igg fubftances (in fig, 13 5) ABCD , and EFGH, 
Take a point, as I, in the furface AB, and to the center I 
with any femidiameter defcribe the circle KLM. ° In like 
manner on the furfage EF take fome point N, as a center, 
and defcribe with the fame femidiameter the circle OPQ. 
Let the angle under BIR be the leaft which the refracted 
light can make with the furface AB, and the angle under 
FNS the leaft which the refraéted light can make with 
the furface EF. Then if LT be drawn perpendicular to 
AB, and PV perpendicular to EF; the whole power, where- 
with the fubftance ABCD aéts on the light, will bear to 
the whole power wherewith the fubftance EFGH acts on, 
the light, a proportion, which is duplicate of the proporti- 
on, which I. T bears to PY. 


10. Upon comparing according to this rule the refra- 
étive powers of a great many bodies it is found, that unctu- 
ous bodies which abound moft with fulphureous parts 
refract the light two or three times more in .proportion to 
their denfity than others: but that thofe bodies, which feem 
to receive in their compofition like proportions of fulphu- 
reous parts, have their refractive powers proportional to their 
denfities; as appears beyond contradiction by comparing 
the refractive power of fo rare a fubftance as the air with 
that of gommon glafs or rock cryftal, though thefe fub- 
ftances are 2000 times denfer than air; nay the fame pro- 
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portion is found to hold without fenfible difference in com- 
paring air with pfeudo-teper-and glafs of antimoby, though 
the pfeudo-topar be 3 s00 times denfer tharkgj d glafs 
of antimony no lefs than 4.4.00 times denfer. This pow- 
er in other fubftances, as falts, common water, {pirit of 
wine, &c. feems to bear a greater proportion to their den- 
fities than ‘thefe laft named, according as they abound with 
fulphurs more than thefe; which makes our author conclude 
it probable, that bodies aét upon the light chiefly, if not 
ajtogether, by means of the fulphurs in them ; which kind 
‘of fubftances it is likely enters in fome degree the compo- 
fition of all bodies. Of all the fubftances examined by 
our author, none has fo great a refractive power, in refpeét 
of its denfity, as a diamond. 


- gr, Our author finifhes thefe remarks, and all he offers 
relating to refraction, with obferving, that the action be- 
tween light and bodies is mutual, fince fulphureous bodies, 
which are moft readily fet on fire by the fun’s light, when 
collected upon them with a burning glafs, act more upon 
light in refraéting it, than other bodies of the fame denfi- 
ty do. And farther, that the denfeft bodies, which have 
been now fhewn to a& moft upon light, contract the greateft 
iat by being expofed to the fummer fun. — 


12. Havine thus difpatched what relates to refraction, 
we muft addrefs ourfelves to difcourfe of the other opera- 
tion of bodies upon light in refleGing it. Wheh light 
paffes through a furface, which divides two tranfparent-ho- 
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dies differing ip denfity, part of it only is tranfmitteds 
another; pa cing refleéted. And if the light pafs out of 
the denér_hody into the rarer, by being much inclined to 
the forefaid furface at léngth no part of it fhall pafs through, 
but be totally refle@ed. Now that part of the light, which 
fuffers the greateft refraction, fhall be wholly refleéted with 
a lefs obliquity of the rays, than the parts of the light 
which undergo a iefs degree of refraGtion; as is evident 
from the laft experiment recited in the firft chapter; wheres 
as the prifms DEF, GHI, (in fig. 129.) were turned a- 
bout, the violet light was firft totally reflected, and then’ 
the blue, next tothat the green, and fo of the reft. In con- 
fequence of which our author lays down this propofition ; that 
the fun’s light differs in reflexibility, thofe rays being moft re- 
flexible, which are moft refrangible. And colleéts ffom this, 
in conjunétion with other arguments, that the refraction 
and reflection of light are produced by the fame caufe 
compafling thofe different effects only by the difference of 
circumflances with which it is attended. Another proof 
of this being taken by our author from what he has dif- 
covered of the paflage of light through thin tranfparent 
plates, viz. that any particular {pecies of light, fuppofe, 
for inftance, the red-making rays, will enter and. pafs out 
of fuch a plate, if that plate be of fome certain thicknef- 
fes; but if it be of other thicknefies, it will not break through 
it, but be refle¢ted back: in which is feen, that the thick- 
nefs of the plate determines whether the power, by which 
that plate ats upon the light, hall refle@. it, or fuffer it to 
pale through... 

13. Bur 
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13. Bur this laft mentioned furprifing sgopert} of the 
action between light and bodies affords the Ypafop of all 
that has been faid in the preceding rs Nf the 
colours of natural bodies’; and muft therefore more parti- 
cularly be illuftrated and explained, as being what will 
principally unfold the nature of the agtion of bodies upon 
light. 


14. To begin: The object glafs of a long telefcope being 
Jaid upon a plane glafs, as propofed in the foregoing chap- 
ter, in open day-light there will be exhibited rings of va- 
rious colours, as was there related; but if in a darkened 
room the coloured fpe€trum be formed by the prifm, as in 
the firft experiment of the firft chapter, and the glaffes be 
illuminated by a reflection from the fpectrum, the rings 
fhall not in this cafe exhibit the diverfity of colours before 
defcribed, but appear all of the colour of the light 
axhich falls upon the glaffes, having dark rings between. 
Which fhews that the thin plate of air between the 
glaffes at fome thickneffes reflects the incident light, at 
other places does not reflect it, but is found in thofe pla- 
ces to give the light paflage ; for by holding the glaffes in 
the light as it pafles from the prifm to the fpeGrum, fup- 
sofe at fuch a diftance from the prifm that the feveral forts 
of light muft be fufficiently feparated from each other, when 
any particular fort of light falls on the glaffes, you will find 
by holding a piece of white paper at a {mall diffance be- 
ie the glafles, that at thofe intervals, where ee 
rings appeared upon the glaffes, the light is fo tranfmnted, — 
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as to paint yon the paper rings of light having that co- 
four which jalls,upon the glaffes. This experiment there- 
fore opens to“us this very ftrange property of reflection, 
that in thefe thin plates it fhould bear fuch a relation to the 
thicknefs of the plate, as is here fhewn. Farther, by care- 
fully meafuring the Hiameters of each ring it is found, that 
whereas the glaffes , ‘touch where the dark {pot appears in 
the center of the rings made by reflection, where the air 
is of twice the thicknefs at which the light of the firft ring 
is refleéted, there the light by being again tranfmitted ma-, 
kes the firft dark ring; where the plate has three times 
that thicknefs which: exhibits the firft lucid ring, it a- 
gain reflects the light forming the fecond lucid ring; when 
the thicknefs is four times the firft, the light is again tranf- 
mitted fo as to make the fecond dark ring; where the air 
is five times the firft thicknefs, the third lucid ring is made; 
where it has fix times the thicknefs, the third dark ring ap- 
pears, and foon: in fo much that the thicknefles, at which 
the light is reflected, are. in proportion to the numbers 1, 3, 
$> 7) 9, &e. and the thickneffes, where the light is tranf-. 
mitted, are in the proportion of the numbers 0, 2, 4, 6, 8, 
&c. And thefe proportions between the thickneffes which 
refle& and tranfmit the light remain the fame in all fitua- 
tions of the eye, as well when the rings are viewed obliquely, 
as when. looked on per pe ndic¢ cularly. We muft farther here. 
obferve, that thelight, when it is reflected, as well as when it is 
tran{mised, enters the thin plate, and is reflected from its far- 
ther flrface; becaufe, as was before remarked, the altering 
the tranfparent body behind the farther furface. alters the de~ 


gree 


Crar.3, PHILOSOPHY 373 


gree of reflection as when a thin piece ultovy glafs.. 
has its farther furface wet with water, i so of 
the glafs made dimmer by being fo wet ;. “thews that» 
the light, reaches to the water, otherwife its reflection could 
not be influenced by it. But yet this refleGtion depends. 
upon fome power propagated from jhe firft furface to the 
fecond ; for though made ‘at the itcond furface it de- 
pends alfo upon the firft, becaufe it depends upon the di-~ 
ftance between the furfaces; and befides, the body through: 
which the light paffes to the. firft furface influences the re- 
fiction: for ina plate of Mufcovy glafs, wetting the furfa- 
ce, which firft receives the light, diminifhes the refle@ion, 
though not quite fo much as wetting the farther furface will 
do. Since therefore the light in pafling through thefe thin. 
plates at fome thickneffes is refleAed, but at others tran{mit- 
ted without reflection, it is evident, that this reflection is 
caufed by fome power propagated from the firft furface, . 
which intermits and returns fucceflively. Thus is every ray 
apart difpofed to alternate reflections and tranfmiflions at 
equal intervals; the fucceflive returns of which difpofition 
our author calis the fits of: eafy refleétion,. and of eafy tranf- 
miffion. But thefe fits, which obferve the fame law of 
returning at equal intervals, whether the plates are viewed 
perpendicularly or obliquely, in different fituations of the 
eye change their magnitude. For what was obferved before 
in refpea of thofe rings, which appear in open day-light, 
holds likewife in thefe rings exhibited by fimple lights; name- 
ly, that thefe. two alter in bignefs according to. then dif. 
ferent angle under which they are fee: and our author 
| lay: 
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lays dov : oe whereby to determine the thickneffes of . 
the ple of of bn which fhall exhibit the fame colour under 
different ue/Views*. And the thicknefs of the aereal 
plate, which in different inclinations of the rays will exhi- 
bit to the eye in open Hay-light the fame colour, is alfo va- 
ried by the fame rule’®. He contrived farther a method 
of comparing in the’ bubble of water the proportion be- 
tween the thicknefS ¢f its coat, which exhibited any colour 
when {een perpendicularly, to the thicknefs of it, where the 
fame colour appeared by an oblique view; and he found 
the fame rule to obtain here likewife But farther, if the 
glaffes be enlightened fucceffively by all the feveral fpecies 
of light, the rings will appear of different magnitudes; in 
the red light they will be larger than in the orange colour, 
in that Jarger than in the ycllow, in the yellow larger than 
in the green, lefs in the blue, lefs yet in the indigo, and 
leaft of all in the violet: which fhew sthat the fame thicknefg 
of the aereal plate is not fitted to reflect all colours, but, 
that one colour is reflected where another would have been 
tranfmitted; and as the rays which are moft ftrongly re- 
fraGed form the leaft rings, a rule is laid down by our au- 
thor for determining the relation, which the degree of re- 
fraétion of each fpecies of colour has to the thicknefles of 
the plate where it is reflected. 


1s. From thefe obfervations our author fhews the reafon 
of that great variety of colours, which appears in thefe thin 
a atvs in the open white light of the day. For when this white 
2 ost "B. I. par. 3. prog. 1s, >Ubd. par. 3, oblerv, 7 © Thid. Obferv. rg. 
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light falls on the plate, each part of the tg rings of 


its own colour ; and the rings of the differdge cdfours not 
being of the fame bignefs are varidufly intedgaj nd form 
a great variety of tints* 


16. IN certain experiments, whichour author made with 
thick glafts, he found, that thefe fits $f eafy refle@ion and 
tranfmiffion returned for fome thoufands of times, and there- 
by farther confirmed his reafoning concerning them °. 


17. Upon the whole, our great author concludes from 
fome of the experimentsmade by him, that the reafon why all 
tranfparent bodies refraé part of the light incident upon thems 
and refleé another part, is, becaufe fome of the light, when it 
comes,to the furface of the body, isina fit of eafy tranfmif- 
fion, and fome part of it in a fit of eafy refle@ion.; and from 
the durablenefs of thefe fits he thinks it probable, that. the 
light is put into thefe fits from their firft emiffion out of the 

“Timinous body ; and that thefe fits continue to return at c- 
qual intervals without end, unlels thofe intervals be changed 
by the light’s entring into fome refracting fubftance. He 
likewife has taught how to determine the change which is 
made of the intervals of the fits of eafy tranfmiffion and rc- 
flection, when the light paffes out of one tran{parent {pace or 
fubftance into another.. His rule is, that when the light paf- 
{es perpendicularly to the furface, which parts any two tran 
parent fubftances, thefe intervals in the fubRance, out of 


‘ Opt. B. If. par. 2. pag: 199. Kes. > YToid. par. qq © Laid, part. 3. prop. up 


whicly. 


377 Gr tsaae Newton's Boox Il. 


which the light faffes, bear to the intervals in the fubftance,. 
wheing Hd ctcecter the fame proportion, as the fine of 
incidence\txare the fine of refraction*®. It is farther to be 
obferved, that though the fits of eafy refleétion return at con- 
ftant intervals, yet thejreflecting power never operates, but at 
-or near a furface wheré the light would fuffer refraction ; and 
if the thicknefS of any tranfparent body fhall be lef tha the 
intervals of the fits, thofe intervals fhall fcarce be difturbed by 
fuch a bal but the light fhall pafs through without any re- 
fleation > 


a8. Wuar the power in nature is, whereby this action 
‘between light and bodies is caufed, our author has not difco- 
vered, But the effects, which he has difcovered, of this 
‘power are very furprifing, and altogether wide from any con- 
;eCtures that had ever been framed concerning it; and from 
thefe difcoveries of his no doubt this power is to be dedu- 
.ced, if we ever can come to the knowledge of it. Sir Isaac. 
Newton has in general hinted at his opinion concerning it; 
that probably it is owing to fome very fubtle and elaftic fub- 
ftance diffufed through the univerfe, in which fuch vibrations 
may be excited by the rays of light, as they pafs through 
it, that fhall occafion it to operate fo differently upon the 
light in different places asto give rife to thefe alternate fitt 
.of seflection and tran{miffion, of which we have now been 
{peaking ®. He is of opinion, that fuch a fubftance may pro- 
duce this, and other effects alfo in nature, though it be fo 
rae.as Got to give any fenfible refiftance to bodies in. mo- 


® Ibid. prop. 17. > Ibid prop, 13, © Opt. Qu, 18, &e. 
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tion*; and therefore not inconfiftept with what has been faid 
above, that the planets move in fpates free front xefiftance °. 


19. In order for the more full difcovery of thisdétion between 
light and.bodies, our author began another fet of experi- 
ments, wherein he found the light to be acted on as it paffes 
near the edges of folid bodies; in patticular all {mall bo- 
dies, fuch as the hairs of a man’s head o} the like, held ina 
very {mall beam of the fun’s light, caft extremely broad fha- 
dows. And inone of thefe experiments the fhadow was 
35 times the breadth of the body*. Thefe fhadows are alfo 
obferved to be bordered with colours’, This our author calls 
the inflection of light ; but as he informs us, that he was interrupt- 
ed from profecuting thefe experiments to any length, I necd 
not detain my readers with a more particular account of them. 


Cuap. IV. 
Of OPTIC GLASSES. 


S IR Isaac Newron having deduced from his dodtrine 

of light and colours a furprifing improvement of tele- 
{copes, of which I intend here to give an account, I fhall 
firft premife fomething in general concerning thofe inftru- 
ments. 


# See Coacl, S, s, | © Opt. B, III, Obs, :. 
® B.ILCh, 1, 4 Ibid. Obf, 2. 
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2. Ir will be undetftogd from what has been faid above, 
that when light falls upon/the furface of glafs obliquely, after’ 
its entrance jnfé the glaf§ it is more inclined to the line 
drawn through the poitit of incidence perpendicular to that 
furface, than before. 'Suppofe a ray of light iffuing from the 
point A (in fig. 136), falls ona piece of glafs BCDE, whofe 
furface BC, whcreor. the ray falls, is of a fphericai or globu- 
lar figure, the centey whereof is F, Let the ray proceed in 
the line AG falling on the furface BC in the point G, anddraw 
FGH. Here the ray after its entrance into the glafs will 
pafs on in fomeline, as G1, more inclined toward the line FGH 
that the line AG is inclined thereto; for the line FGH is per- 
pendicular to the furface BC in the point G. By this means, 
if a number of rays proceeding from any one point 
fall on a-convex fpherical furface of glafs, they ihall be 
inflected (as is reprefented in fig. 137,) fo.as to be gathered 
pretty clofe together about-the line drawn through the center 
of the glafs from the point, whence the rays proceed ; which 
line henceforward we fhall call the axis of the glafs: or the 
point from whence the rays proceed may be fo near the glafsy 
that the rays fhall after entring the glafs ftill go on to f{pread’ 
themfelves, but not fo much as before ;, fe that if the rays 
were to be continued backward (as in fig. 138,) they fhould 
gather together about the axis at a place more remote frorh 
the glafs, than the point is, whence they actually proceed. In 
thefe and the following figures A denotes’ the point to which 
the raysare related before refraction, B the pomt to which they 
ate directed afterwards, and C the center of the refracting fur- 
face. Here we may obferve, that it is poffible to form the glafs 6F 
fuch a figure, that all the rays which proceed from one point © 


fhall 
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fhallafter refraction be.reduced ag:\in exactly into ong pointen 
the axis of the glafs. But in glafies of a {pherical forgn though this 
docs not happen ; yet the rays, whith fall within ainoderate di- 
ftance from the axis, willunite extremely near together. Ji the 
light fallon a concave fpherical furface, after refraction it fhall 
{pread quicker than before (asin fig. 2 3 9,) unlefsthe rays proceed 
from a point between the center and thelfurtace of the glafs Jf 
we fuppofe the rays of light, which fall yapon the giafs, net to 
proceed from any point, but to move fo as to tend all to fome 
point in the axis of the glafs beyond the furface ; if the glafs 
have a convex furface, the rays fhall unite about the axis 
fooner, than otherwife they would do (as in fig. 14.0,} unlefs 
the point to which they tended was between the furface and 
‘the center of that furface. - But if the furface be concave, 
they fhall mot meet fo foon: nay perhaps converge. (See 
fig.t4.1 and 14.2.) | ! 


3. Fartuer, becaufe the light in paffing out of glafs in- 
tothe air is turned by the. refraction farther. off from the 
line drawn through the point of incidence perpendicular to. 
the refracting furface, than.it was before; the light which 
{preads from .a.point. fhall by pafling through.a convex fur- 
face of glafs into the air be made cither to {pread lefs than 
before (as in fig. 14.3,) or to gather about the axis beyond 
the glafs.(as in fig. 14.4.) Butifthe rays of light were pro- 
ceeding: tb a point in the axis of the glafs, they fhould by 
the refsa@tion be made to unite fooner about. that axis 
_ fig.14-5:) Hf the. furface of the gla be coneave, rays which 

d from a point fhall be made to {pread fatter (asi in 


ie 146,) but rays which apa: to a point in the axis of 
Ckce2 the 
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the glafs, fhall be made to/ gather about the axis farther from 
the glafs (asin fig. 14.7) or even to diverge (asin fig. 14.8,) 
unlefs thé point, to which the rays are directed, lies between 
the furface of the glafs and its center. — 


4. Te rays, which {pread themfelves from a point, are 
called diverging ; ; and fuch as move toward a point, are called 
converging rays. Aid the point in the axis of the glafs, about 
which the rays gather after refra@tion, is called the focus of 
thofe rays. 


s. Ira glafs be formed of two convex fpherical furfaces 

(as in fig. 14.9,) where the glafs AB is formed of the furfaces 

ACB and ADB, the line drawn through the centers of the 

two furfaces, as the line EF, is called the axis‘of the glafs ; 

and rays, which diverge from any point of this axis, by the 

refraction of the glafs will be caufed to converge toward fome 

part of the axis, or at leaft to diverge as from a point more 

‘remote from the glafs, than that from whence they proceed- 
ed ; for the two furfaces both confpire to produce this effeé 

upon the rays. But converging rays will be caufed by fuch a 

glafs as this to converge fooner. Ifa glafs be formed of two 

concave furfaces, as the glafs AB (in fig. ry0,) the line CD 

drawn through the centers, to which the two furfaces ate 

formed, is called the axis of the glafs. Such a glafs hall 

caufe diverging rays, which proceed from any point in the 

axis of the glafs, to diverge much more, as if they came from 

feme place in the axis of the glafs nearer to it than the point, 

whente- 
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whence the rays actually proceed.. But converging rays will 
be made either to converge lefs, or even to diverge. 


6. In thefe glaffes rays, which proceed from any point 
near the axis, will be affected as it werein the fame man- 
ner, as if they proceeded from the very axis it {elf, and fuch as 
converge toward a point ata fmall diftance from the axis will 
fuffer much the fame effects from the glafs,as if they converged to. 
fome point in the very axis. By this means any luminous bedy 
expofed to a convex glafs may have an image formed upon 
any white body held beyond the glafs. This may be ca- 
fily tried with a common fpeétacle-glafs. For if fuch a glafs 
be held between a candle and a piece of white paper, if the 
diftances of the candle, glafs, and paper be properly adjufted, 
the image of the candle will appear very diftin@ly upon the 
paper, but be feen inverted ; the reafon whereof is this. 
Let AB (in fig. 1¢1) be the glafs, CD an objea placed 
crofs the axis of the glafs. Let the rays of light, which if 
fue from the point F, where the axis of the glafs croffes tie tL 
ject, be fo refracted by the glafs, as to meet again about the 
point F. The rays, which diverge from the point C of the 
objeét, fhall meet again almoft at the fame diftance from 
the glafs, but on the other fide of the axis, asatG; for the 
rays at the glafs crofs the axis, In like manner the rays, 
which proceed from the point D, will meet about H on the 
other fide of the axis. None of thefe rays, neither thofe 
which proceed from the point E in the axis, nor thofe which 
iffue from C or D, will meet again exactly in one point ; but 
“yet in one place, as is here fuppofed at F, G, and H, they 
will 
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will be crouded fo cle’ }together, as to.make a diftinet 
image of the stent sho any body proper to reflect it, 


which fhall be held “shere. 


~. Ir the object be too near the glafs for the rays te 
converge after the refraction, the rays {hall iffue out of the 
glafs, as if they diverged from a point more diftant from 
the glafs, than that from whence they really proceed {ds 
in fig. 192,) where the rays coming from the point E 
of the object, which lies on the axis of the glafs AB,» if 
fue out of the glafs, as if they came from the point I 
more remote from the glafs than E; and the rays proceed- 
ing from the point C iffue out of the glafs, as if they pro- 
ceeded from the point. G; likewife the rays which iffue 
from the point D emerge out of the glafs, as if they came 
from the point H. Here the point G is on the fame fide 
of the axis, asthe point C; and the point H on the fame 
fide, as the point D. In this cafe to an eye placed beyond 
thé glafs the object.fhould appear, as if it were in the fitu- 
ation G F H. 


8. Ir the glafs A B had been concave (as in, fig. 3 $3,) to 
an eye beyond the glafs the object C D would appear in 
the fituation G H, nearer to the glafs than really it is. Here 
alfo the objec will not be inverted; -but the point G is on 
the fame fide the axe with. the point C, and.H on the 
fame fide as D. 


9. Hencrs 
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9. Hence may be underftood}: why fpedacles made 
with convex glaffes help the fight abd age: for the eye 
in that age becomes unfit to fee objects diftinélly, except 
-fuch as Are remov’d to a very great diftance; whence alk 
men, when they firft ftand in need of fpectacles, are ob- 


¢ 


ferved to rs ad at arm’s length, and to hold the obje@ at a 


iftance, than they ufed to do before. But when an 
object is removed at too great a diftance from the fight, 
it cannot be feen clearly, by reafon that a lefs quantity of 
light from the obje¢t will enter the eye, and the whole 
object will alfo appear fmaller. Now by help of a con- 
vex glafs an object may be held near, and yet the rays of 
light iffuing from it will enter the eye, as if the object 
were farther removed. 


10. AFTER the fame manner concave glaffes affift fuch, 
as are fhort fighted. For thefe require the obje& to be 
brought inconveniently near to the eye, in order to -their 
fecing it diftindly; but by fuch a glafs the object may be 
removed to a proper diftance, and yet the rays of light 
enter the eye, as if they came from a place much nearcz. 


11. Wuence thefe defects of the fight arife, that in 
old age objects cannot be feen diftinct within a moderate 
diftance, and in fhort-fightednefs not without being brought 
too near, will be eafily underftood, when the manner ot 
vifion in general fhall be explain’d ; which I fhall now en- 
“deavour to do, in order tabe better underftood in what 

2 tcllows. 


384 SirIsa.s Newton’s Boox Ill. 


follows. The eye is forind, as is reprefented in fig. 154. 
It is of a globular fi Life, the fore part whereof fcarce 
more protuberant thh the reft is tranfparent. Underneath 
this tranfparent part 38 a {mall collection of an humour ii 
appearance like water, and it has alfo the fame refractive 
power as common water ;_ this is called the aqueous hu- 
mour, and fills the {pace A BCD in the figure. Next beyond 
lies the body DEFG; this is folid but tranfpareat,.it_js 
compofed with two convex furfaces, the hinder furface E FG 
being more convex, than the anterior EDG. Between the 
outer membrane ABC, and this body EDGF is placed that 
membrane, which exhibits the colours, that are feen round 
the fight of the eye; and the black f{pot, which is called the 
fightor pupil, isa holein this membrane, through which the 
light enters, whereby we fee. This membrane js fixed on- 
ly by its outward circuit, and has a mufcular power, where- 
by it dilates the pupil in a weak light, and contracts it in 
a ftrong one. The body DEFG is called the cryftalline 
humour, and has a greater refracting power than water. 
Behind this the bulk of the eye is filled up with what is 
called the vitreous humor, this has much the fame refra- 
ctive power with water. At the bottom of the eye toward 
the inner fide next the nofe the optic glafs enters, as at 
H, and fpreads it felf all over the infide of the eye, till ? 
within a fmall diftance from A and C. Now any object, as 
1K, being placed before the eye, the rays of light iffuing 
from each point of this object are fo refracted by the con- 
vex furface of the aqueous humour, as to be caufed to con- 
verge; after this being received by the convex furface EDG-~- 
ot 
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of the cryftalline humour, which has a greater refractive 
power than the aqueous, the rays,, when they are entered 
into this furface, ftill more conerg nd at going out of 
‘the furface EF G intoa humour of a lef refra@tive power 
than thevcryftalline they are made to converge yet farther. By 
all thefe fucceffive refractions they are brought to converge at 
the bottom of the eye, fo that a diftinct image of the ob- 

is imprefs'd on the nerve. And by this means 
the abjett 3 is feen. 


1x. Ir has been made a difficulty, that the image of 
the object impreffed*on the nerve is inverted, fo that the 
upper part of the image is impreffed on the lower part of 
the eye. But this difficulty, I think, can no longer re- 
main,, if we only confider, that upper and lower are terms 
merely relative to the ordinary pofition of our bodies : 
and our bodies, when view’d by the eye, have their image as 
much inverted as other objects ; fo that the image of our 
own bodies, and of other objects, are impreffed on the eye 
in the fame relation to one another, as they really have. 


12. Tue eye can fee objects equally diftinét at very 
different diftances, but in one diftance only at the faige 
time. That the eye may accomodate itfelf to different 
diftances, fome change in its humours is requird. It is 
my opinion, that this change is made in the figure of the 
cryftalline humour, as I have indeavoured to prove in ano- 
ther place. 


3 
Ddd 13. Ie 
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13. IF any of the’ humours of the eye are too flat, 
they will refra@ the Ghe too little; which is the cafe in 
old age. If they are too convex, they refra@ too much ; 
as in thofe who are fhort-fighted. 


14. THe manner of direct vifion being thus explained, 
I proceed to give fome account of telefcopes, by which we. 
view more diftinally remote objects ; and alfo of microf{copes, 
whereby we magnify the appearance of {mall objets. In 
the firft place, the moft fimple fort of telefcope is com- 
pofed of two glaffes, either both couvex, or one convex, 
and the other concave. (The firft fort of thefe is reprefent- 
ed in fig. ry, the latter in fig. 156.) 


ty. In fig.rys let AB reprefent the convex ‘glafs next 
the objeét, C D the other glafs more convex near the eye. 
Suppofe the object-glafs AB to form the image of the ob- 
ject at EF; fo that if a theet of white paper were to be 
held in this place, the object would appear. Now fup- 
pofe the rays, which pafs the glafs A B, and are united a- 
bout F, to proceed to the eye glafs C D, and be there re- 
fracted. Three only of thefe rays are drawn in the figure, . 
thofe which pafs by the extremities of the glafs A B, and ~ 
that which paffes its middle. If the glafs C D_ be. 
placed at fuch a diftance from the image H F, that the rays, 
which pafs by the point F, after having proceeded through 
the glafs diverge fo much, as the rays do that come from 
an object, which is at fuch a diftance from the eye as 
té 
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to be feen diftinétly, thefe being receiyed by the eye will 
make on the bottom of the eye a difynd reprefentation of 
the point F. In like manner the ray} which pafs through 
Atheabjee glafs A B to the point E after proceeding through 
‘the eye-glafs C D will on the bottom of the eye make a 
diftinét reprefentation of the point E. But if the eye be 
placed where thefe rays, which proceed from F, crofs thofe, 
ch proceed from F, the eye will receive the diftiné im- 
preffion of both thefe points at the fame time; and con- 
fequently will alfo receive a diftinét impreffion from all the 
intermediate parts of the image EF, that is, the eye will 
fee the objeat, to which the telefcope is diredted, diftinaly. 
‘The place of the eye is about the ‘point G, where the rays 
HE, HF crofs, which pafs through the middle of the ob- 
ject-glafs A’B to the points E and F; or at the place where 
the focus would be formed by rays coming from the point 
H, and refracted by the glafs CD. To judge how much 
this inflrument magnifies any object, we muft firft obferve, 
that the angle under E HF, in which the eyc at the point H 
would fee the image EF, is nearly the fame as the angle, 
under which the object appears by direct vition; but when 
the eye is in G, and views the object through the telefcope, 
it feesthe fame under a greater angle; for the rays, which 
coming from E and F crofs inG, make a greater angle than 
the rays, which proceed fram the point tH to thle points § 
and #. The angie at G is greater than that at Hin the 
proportion, as the diftance between the glafles A Band CD 
is greater than the diftance of the point G from the plats 
6D. | 
Dddi 16. This 
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16. Tus ee the object ; for the rays, which 
come from the righthand fide of the object, go tothe 
point E the left fide e the image; and the rays, which 

come from the left fide of the object, go to F the right 

fide of the image. Thefe rays crofs again in G, fo that 

the rays, which come from the right fale of the object, go 

to the right fide of the eye; and the rays from “Re lef 
fide of the object go to the left fide of the eye. There- 

fore in this telefcope the image in the eye has the fame 

fituation as the object; and fecing that in direct vifion 

the image in the eye hasan inverted fituation, here, where 

the fituation is not inverted, the object muft appear fo, 

This is no inconvenience to aftronomers in celeftial obferva- 

tions; but for objects here on the earth it is ufual to add 

two other convex glaffes, which may turn the object again 

(as is reprefented in fig.1 57,) or elfe to ufe the other kind of 

telefcope with a concave eye-glafs. 


17. Iw this other kind of telefcope the effect is found- 
ed on the fame principles, as in the former. The diftina- 
nefs of the appearance is procured in the fame manner. But 
here the eye-glafs CD (in fig. 156) is placed between the 
image EF, and the object glafs AB. By this means the rays, 
which come from the right-hand fide of the object, and. pro- 
ceed toward E the left fide of the image, being intercepted 
by the eye-glafs are carried to the left fide of the eye; and 
the rays, which come from the left fide of the object, go 
to the right fide of the eye ; fo that the impreffion in the 
eye being inverted the object appears in the fame fituation, 

as 
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as when view'd by the naked eye. The cye muft here be 
placed clofe to the glafs. The degreg of magnifying in 
this inftrument is thus to be found. MLet the rays, which 

afs through the glafs AB at H, “after the refraction of 
the eye-glafs C D diverge, as if they came from the point 

G; then the rays, which come from the extremities of the 
object, enter the eye under the angle at G; fo that here 
Note Thjea will be magnified in the proportion of the 
diftance between the glaffes, to the diftance of G from 
the cye-glafs. 


18. Tue fpace, that tan be taken in at one view in 
this telefcope, depends on the breadth of the pupil of the 
eye; foras the rays, which go to the points E, F of the 
images” aresfomething diftant from each other, when they 
come out of the glafs C D, if they are wider afunder 
than the pupil, it is evident, that they cannot both enter 
the eye at once. Jn the other telefcope the eye is placed 
in the point G, where the rays that come from the points 
E or F crofs each other, and therefore muft enter the cye 
together. On this account the telefcope with convex glaffes 
takes ina larger view, than thofe with concave. But in 
thefe alfo the extent of the view is limited, becaufe the eye- 
glafs does not by the refraction towards its edges form fo 
diftin@ a ee of the object, as near the middle. 


18. Microfcopes are of two forts. One kind is only a 
very convex glafs, by the means of which the objeé& may 
be brought very near the cye, and yet be feen diftindly. 

This 
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being brought near the eye will forma broader impreffion 

on the optic nerve. ¥The other kind made with convex 

glafies produccs its effeéss in the fame manner asthe telefcope 
Let the object A B (in fig. 1 8) be placed under the glafs CD, 

and by this glafs let an image be formed of this objet. 

Above this image let the glafs G H be placed. By, this glafs 
let the rays, which proceed from the points A and~B,be 
refracted, as is exprefled in the figure, In particular, let 

the rays, which from each of the points pafs through the 

middle of the glafs CD, crofs in I, and there Jet the eye 

be placed. Here the objec will-appear larger, when feen 

through the microfcope, than if that inftrument were re- 

moved, in proportion as the angle, in which thefe rays crofs 

in I, is greater than the angle, which the lines weuld ‘iaake, 

that fhould be drawn from Ito A and B; that is, in the 

proportion made up of the proportion of the diftance of the 
object AB from I, to the diftance of I from the glafs GH; 

and of the proportion of the diftance between the glaffes, 

to the diftance of the object AB from the glafs CD. 


This microfcope tes in proportion, as the obje@ by 


19. T sHALL now proceed to explain the imperfection in 
thefe inftruments, occafioned by the different refrangibility of 
the light which comes from every object. This prevents the 
image of the object from being formed in the focusof the object 
glafs with perfect diftinctnefs ; fo that if the eye-glafs magnify 
the image overmuch, the imperfections of it muft be vifible, 
and make the wliole appear confufed. Our author more fully 
to fatisfy himfel‘, that the different refrangibility of the, 


feveral 


Cusar. 3. PHILOSOPHY. 291 
feveral forts of rays is fuffictent to ce of this irregularity, 


underwent the labour of a very nice apd difficult experi- 
ment, whofe procefs he has at large (4 down, to prove, 
tMat the rays of light are refracted as differently in the {mall 
refraction’of telefcope glaffes as in the larger of the prifm ; 
To exceeding careful has he been in fearching out the true 
caufe of this effect. And he ufed, I fuppofe, the greater 
Qautjes;-tecaufe another reafon had before been generally 
affigned for it. It was the opinion of all mathematici- 
ans, that this defect in telef{copes arofe from the figure, in 
which the glaffes were formed; a {pherical refracting fur- 
‘face not collecting into anexact point all the rays which 
come from any one point of an object, as has before been 
faid*. But after our author has proved, that in thefe {mall 
refractiqas, as well as in greater, the fine of incidence in- 
to air out of glafs, to the fine of refraction in the red- 
making rays, isas so to74, and in the blue-making rayg 
yo to 78; he proceeds to compare the inequalities of re- 
fraction arifing from this different refrangibility of the rays, 
with the inequalities, which would follow from the figure 
of the glafs, were light uniformly refracted. For this pur- 
& he obferves, that if rays iffuing from a point fo remote 


om the object glafs of a telefcope, as to be efteemed 
parallel, which is the cafe of the rays, which come from the 
heavenly bodies; then the diftance from the glafs of the 
point, in which the leaft refrangible rays are united, will 
be to the diftance, at which the moft refrangible rays unite, 
as 28 to 27; and therefore that the leaft {pace, into which. 


*§a 


alf 
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all the rays can be colleéted, will not be lefs than the s sth 
part of the eet the the glafs. For if A B(in fig .1 $9) be 
the glafs, C D its ax, E A, F B two rays of the light parallel 
to that axis entring, tie glafs near its edges; after refra¢ti- 
on let the leaft refrangible part of thefe rays nieet in G, 
the moft refrangible in H; then, as has been faid, GI wili 
be toIH, as 28 to 27; that is, G He will be the 28th 
part of GI, and the 27th partof HI; whenctt#AKL ke 
drawn through G, and MN through H, pemendicular to 
CD, MN will be the 28th part of AB, the breadth of 
the glafs, and KLthe 27th part of the fame; fo that 0 P 
the leaft {pace, into which the-rays are gathered, will be 
about half the mean between thefe two, that is the syth 
part of AB. ) 


20. THis is the error arifing from the different re- 
frangibility of the rays of light, which our author finds 
vaftly to exceed the other, confequent upon the figure of 
the glafs. In. particular, if the telefcope, glafs be flat on 
one fide, and convex on the other; when the flat fide is 
turned towards the object, by a theorem, which he has 
Jaid down, the error from the figure comes out above sooc, 
times leis than the other. ‘This other inequality is fe 
great, that telefcopes could not perform fo well as they... 
do, were it not that the light does not equally fill all the 
fpace OP, over which it is {cattered, but is much more denfe 
toward the middle of that fpace than at the extremities, 
And befides, all the kinds of rays affect not the fenfe e- 
qually ftrong, the yellow and orange being the ftrongeft, 
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the red and green next to them, the blye indigo and vio- 
let being much darker and fainter Aah, and it is fhewn 
that all the yellow and orange, and three fifths of the 
brighter half of the red next the orange, and as great a 
fhare of’ the brighter half of the green next the yellow, 
will be colleéted into a {pace whofe breadth is not above 
‘the 2soth of the breadth of the glafs. And the re- 
taining colptirs, which fall without this fpace, as they are 
much more Wull and obfcure than thefe, fo will they be 
likewife much nore diffufed ; and therefore can hardly af- 
fect the fenfe in comparifon of the other. And agree- 
Ytble to this is the obfervation of aftronomers, that 
telefcopes between twenty and fixty feet in length re- 
‘prefent the fixed ftars, as being about y or 6, at moft 
about $%r.10 feconds in diameter. Whereas other argu- 
ments fhew us, that they do not really appear to us of any 
fenfible magnitude any otherwife than as their light is 
dilated by refraction. Qne proof that the fixed ftars do 
not appear to us under any fenfible angle is, that when 
the moon paffes over any of them, their light does not, like 
the planets on the fame occafion, difappear by degrees, but 


vanifhes at once. 


21. Our author being thus convinced, that telefcopes 
were not capable of being brought to much greater perfection 
than at prefent by refractions, contrived one by reflection, in 
which there is no feparation made of the different cdloured 
light; for in every kind of light the rays after refledtion 
have the fame degree of inclination to the furface, from: 


whence they are reflected, as they have at their incidence, fo 
Eee that 


that thofe rays which come to the furfacein one line, will go 
off alfo\in one linelwithout any parting from one another. Ac- 
cordingly in the attempt he fucceeded fo well, that a fhort 
one, not much exceedjng fix inches in length, equalled an or+ 
dinary telefcope whofe length was four feet. Inftriments of 
this kind to greater lengths, have of late been ‘made, which 
fully anfwer expectation *. 


Cuape. V. 
Of the RAIN BOW. 


I SHALL now explain the rainbow.. The manner of its 

produétion was underftood, in the general, before Str 
Isaac Newton had difcovered his theory of colours ; but 
what caufed the diverfity of colours in it could not then be 
known, which obliges him to explain this appearance parti- 
cularly ; whom we fhall imitate as follows. The firft per- 
fon, who exprefsly fhewed the rainbow to be formed by the 
reflection of the fun-beams from drops of falling rain, 
was ANTONIO pg Dominis, © But this was afterwards 
more fully and diftinétly explained by Des Carres. 


2. THERE appears moft frequently two rainbows; ‘bot! 
of which are caufed by the forefaid reflection of the fun- 
beams from the drops of falling rain, but are not pro- 
duced by all the light which falls upon.and are reflected 
from the drops. The inner bow is: produced by thofe 
rays only which enter the drop, and at their entrance are 
fo refracted as to unite into a point, as it were, upon the far~ 
ther furface of the drop, as is reprefented in fig. 160 ; 
where the contiguous rays a4, ¢d, ef; coming from. the- 
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fun, and therefore to fenfe parallel, upoy their entrance in- 
to the drop in the points 4, d, f, are fo refracted as to meet 
together in the point g, upon the farther furface of the drop. 
Now thefe rays being reflected nearly from the fame point 
cof the furface, the angle of incidence of each ray upon 
the point 4{ being equal to the angle of refle@ion, the 
: i in the lines gb, gk, gl, in the fame man- 





the furface of tie drop at the points 4, k, 1, as at the points 
b, d, f, after their entrance ; and therefore after their emer- 
"ence out of the drop each ray will be inclined to the fur- 
face in the fame angle, as when it firft entered it; whence 
‘the lines bm, kn, lo, in which the rays emerge, muft be 
parallelfo each other, as well as the lines a 4, ¢d,ef, in 
which they were incident. But thefe emerging rays being 
parallel will not fpread nor diverge from each other in 
their paflage from the drop, and therefore will enter the 
eye conveniently -fituated in fufficient plenty to caufe a 
fenfation. Whereas all the other rays, whether thofe nearer 
the center of the drop, as pq, rs, or thofe farther off, as 
‘tu, wx, will be reflected from other points in the hin- 
der furface of the drop; namely, the ray p q from the point 
my, ys from z, tv from a, and ws from g. And for this 
reafon by their reflection and fucceeding refraction they 
will be fcattered after their emergence from the foremen- 
tioned rays and from each other, and therefore cannot en- 
ter the eye placed to receive them copious enough to excite 
any diftinct fenfation. 

Eee 2 3. Tue 
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3. Tux external rainbow is formed by two reflections 
made between the incidence and emergence of the rays ; 
for it is to be noted, that the rays gh, gk, g/l, at the 
points b, k, 1, do not wholly pafs out of the drop, but 
are in part reflected back; though the icon reflection 
of thefe particular rays ies not form the Outer bow? 
For this bow is made by thofe rays, which after their en 
trance into the drop are by the refraction of 7 united, be- 
fore they arrive at the farther furface, at fuchA diftance from 
it, that when they fall upon that furface, they may be re- 
flected in parallel lines, as is reprefented in fig. 16h5 
where the rays ab, cd, ef, are colle&ted by the refraction 
of the drop into the point g, and paffing on from thence 
ftrike upon the furface of the drop in the points J,&. J, and 
are thence reflected to m, n, 0, pafling from 4 to m, from k to 
n, and from / to o in parallel lines. For thefe rays after 
reflection at m, n, 0 will meet again in the point p> at 
the fame diftance from thefe points of reflection m, n, a, 
as the point g is from the former points of reflection 4, 
k, 1. Therefore thefe rays in pafling from p to the furface 
of the drop will fall upon that furface in the points g, 
rv, s in the fame angles, as thefe rays made with the furface 
in b, d, f, after refra@tion. Confequently, when thefe rays 
emerge out of the drop into the air, each ray will make 
with the furface of the drop the fame angle, as it made at 
its firft incidence ; fo that the lines qt, ru, sw, in which 
they come from the drop, will be parallel to each other, as 
well as the lines a5, ¢d, ¢f, in which they came to the 

drop. 
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drop. By this means thefe rays to a {pectator commodioutly 
fituated will become vifible. But all the other raysas well 
thofe nearer the center of the drop x y, za, as thofe more 
remote from it By, #4, will be reflected in lines not paral- 
lel to the lines bm, ku, 10; namely, the ray x y, in the 
tine *», the xay za in the line éx, the ray @y in the line 
ay, and th¢yay «in the line +g Whence thefe rays 
after their reflection and fubfequent refraction will be 
{cattered frota the forementioned rays, and from one ano- 
ther, and by that means become invifible. 


4. Ir is farther to be remarked, that if in the firft cafe 
the incident rays a b, cd, ef, and their correfpondent e- 
mergent rays bm, kx, lo, are produced till they meet, 
they wil make with each other a greater angle, than any 
other incidént ray will make with its correfponding emes- 
gent ray. And in the latter cafe, on the contrary, the e- 
mergent rays qt, rv, sw make with the incident rays an 
acuter angle, than is made by any other of the emergent 
rays. 


gy. Our author delivers a method of finding each of 
thefe extream angles from the degree of refraction being 
given ; by which method it appears, that the firft of thefe 
angles is the lefs, and the latter the greater, by how much 
the refractive power of the drop, or the refrangibility of 
the rays is greater. And this laft confideration fully com- 
pleats the doctrine of the rainbow, and fhews, why the co- 
lours of each bow are ranged in the order wherein they 
are feen, 
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6. Suppose A (in fig. 162.) to be the eye, B,C,D,E,F,drops 
of rain, Mn, Op, Qr; St, Vw parcelsof rays of the fun, 
which entring the drops B, C, D,E, F after one reflection 
pafs out tothe eye in A. Now let Mx be produced to» 
till it meets with the emergent ray likewife-pegduced, let 
Op produced meet its emergent ray produckd in x, let! 
Qr meet its emergent ray in a, let St meet its emergent 
ray in, and let V w meet its emergent ray produced in y, If 
the angle under MxA be that; which is deaived from the 
refraction of the violet-making rays by the method we have 
here fpoken of, it follows that the violet light will only 
enter the eye from the drop B, all the other coloured rays 
paffing below it, that is, all thofe rays which are not’ 
{cattered, but go out parallel fo as to caufe a fenfatitn. For 
the angle, which thefe parallel emergent. rays makes with 
the incident in the moft refrangible or violet-making rays, 
being lefs than this angle in any other fort of rays, none of 
the rays which emerge parallel, except the violet-making, 
will enter the eye under the angle Mx A, but the reft mak- 
ing with the incident ray My» a greater angle than this will 
pafs below the eye. In like manner if the angle under Ox A 
agrees to the blue-making rays, the blue rays only fhall en- 
ter the eye from the drop C, and all the other coloured rays 
will pafs by the eye, the violet-coloured rays paffing above, 
the other colours below. Farther, the angle QaA corre- 
{ponding to the green-making rays, thofe only fhall enter 
the eye from the drop D, the violet and blue-making rays 
pafling above, and the other colours, that is the yellow and 

red, 
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red, below. And if the angle SA anfwers to the refra- 
ction of the yellow-making rays, they only fhall come to 
the eye from the drop E. And in the laft place, if the an- 
gle VvA belongs to the red-making and leaft refrangible 
says, they only fhall enter the eye from the drop F, all the 
other coloi-ed 7 trays pafling above. 


“7. But Now it is acta that all the drops of water 
found in top ns Ax, Aa Au, Av, whether farther 
from the eye, orfearer than the drops B, C, D, E, F, will 
give the fame colours-as thefe do, all the drops upon each 
ling. giving the fame colour ; fo.that the light refleéted from 
a number of. thefe drops will become copious enough to be 
vifible;' whereas the reflection from one minute drop aione 
could not be perceived. But befides, it is farther manifeft, 
that.if the line Ag be drawn from the fun through the eye, 
that is, parallel to the lines Mn, Op, Qr, St, Vw, and 
if drops of water ate placed all round ‘this line, the fame 
colour will be exhibited by all the drops at the fame diftance 
from this line. Hence it follows, ‘that when the fun is: 
moderately elevated above the horizon, if it rains oppo- 
fite to it, and the fun fhines upon. the drops as they fall, a 
{petator with his back turned to the fun: muft obferve a co-' 
loured circular arch reaching to the horizon, being red with- 
out, next to that yellow, then green, ‘blue, and on the in- 
ner edge violet ;-. only this laft colour appears.faint by being. 
diluted with the white light of the'clouds, and from another. 
caufe to be mentioned hereafter *. 


a§ 33. 
8. Tuus 
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8. Tuus is caufed the interior or primary bow. The 
dreps of rain at fome diftance without this bow will caufe 
the exterior or fecondary bow by two reflections of the fun’s 
light. Let thefe drops be G, H, 1, K, L; Xy, Ze, r@ 
As @€ denoting parcels of rays which énté{each drop. 
Now it has been remarked, that thefe rays fal ke with the 
-vifible refraéted rays the greateft angle in thofy‘rays, which 
are moft refrangible. Suppofe therefore the 
rays, which pa{s out from each drop afteriwo reflections, and 
enter the eye in A, to interfec the incident rays in #, », «, 7, 
 refpectively. It is manifeft, that the angle under @¢@ A is 
the greateft of all, next to that the angle under a7A, 
the next in bignefs will be the angle under reA, the next 
to this the angle under Z»A, and the leaft of all the an- 
gle under X#A. From the drop L therefore will come to 
the eye the violet-making, or moft refrangible rays, from 
K the blue, from I the green, from H the yellow, and 
from G the red-making rays; and the like will happen to 
all the drops-in the lines Aw, Ap, A7, Ag, and alfo to all 
the drops at the fame diftances frdm the line Az all round 
that line. Whence appears the reafon of the fecondary 
bow, which, is feea without the other, having its co- 
lours in a-contrary order, violet without and red within 5 
though the colours are fainter than in the other bow, -ad be- 
ing made by two eefleétions, and two refractions ;. whereas 
the other bow is-made by two refractions, and -one refledii-. 


on only. 





‘9. THERE 
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g. Tuers isa farther appearance in the rainbow particu- 
larly defcribed about five years ago’, which is, that under the 
upper part of the inner bow there appears often two or 
three orders of very faint colours, making alternate arches 
“of green, ad @reddifh purple. At the time this appearance 
was taken notice of, I gave my thoughts concerning the 





{mall quantity of mi is {cattered from the principal reflect- 
ed beam®. If we allow the fame thing to happen in the 
reflection whereby the rainbow is caufed, it feems fuffici- 
ent to produce the appearance now mentioned. 


to. Let AB (in fig. 162.) reprefent a globule of water, 

B the point from whence the rays of any determinate fpe- 
cies being reflected to C, and afterwards emerging in the 
line CD, would proceed to the eye, and caufe the appear- 
ance of that colour in the rainbow, which appertains to 
this fpecies. Here fuppofe, that befides what is reflected re- 
gularly, fome {mall part of the light is irregularly fcatter- 
ed every way; fo that from the point B, befides the rays 
that are regularly refle&ted from B to C, fome {catered rays 
will return in other lines, as in BE, BF, BG, BH, on 
each fide the line BC. Now it has been obferved above 4, 
that the rays of light in their paflage from one fuperficies 
of a refracting body to the other undergo alternate fits of 
o® Philof, Trani No. 375. > Ibid. © Opt. B. U.part4. ¢ Ch. 3. § 34. 
Fff ealy 
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eafy tranfmiffioncand reflection, fucceeding each other at 
equal ‘intervals ; infomuch that if they reach the farther fu- 
perficies i in‘one fort of :thofe fits, they fhall be tran{mitted ; 
if in the other kind of them, they fhall rather be refleied 
back. Whence the rays that proceed from B to C, and 
emerge in the line CD, being in a fit of eafy “tn{miffion, 
the {cattered rays, that fall at a {mall diftance without thefe 
on either fide (fuppofe the rays that pafs in the lines BE, 
BG) shall fall on the furface in a fit of eafy sefledion, and 
fhall not emerge; but the fcattered rays at pafs at fome 
diftance without thefe laft, fhall arrive at the furface of the 
globule in a fit of eafy tranfmiffion, and break through that 
furface.  Suppofe thefe rays to pafs in the lines BF, BH; 
the former of which rays fhall have had one fit more of eafy 
tranfmiffion, and the latter one fit lefs, than the rays that 
pafs from B to C. Now both thefe rays, when they go out 
of the globule, will proceed by the refraction of the water 
in the lines FI, HK, that will be inclined almoft equally to 
the raysincident on the globule, which come from the fun; but 
the angles of their inclination will be lefs than the angle, in 
which the rays emetging in the line CD are inclined to 
thofe incident rays. And after the fame manner rays fcatter- 
ed from the point B at a certain diftance without thefe 
will emerge out of the globule, while the intermediate rays 
are intercepted; and thefe emergent rays will be inclined 
tothe rays incident’on the globule in angles ftill lefs chan 
the angles, in which the rays FI and HK are iriclined t0 
them; and without thefe rays will emerge other rays, ‘that 
fhall be.inclined to the incident rays in angles yet Jef. Now 
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by this means may be formed of every kind of rays, befides 
the principal arch, which goes to the formation of the rain 
bow, other arches within every one of the. principal of the 
fame colour, though much more faint; and this for divers 
fucceffions, as long as thefe weak lights, which in, every 
arch grow:meofe and more obfcure, fhall continue vifible. 
Now as the arches .produced by each coleur will be vari- 
‘oufly mixed together, the diverfity of colours obferv’d in 
thefe fecondary arches may very poflibly arife from them. 


11. In the darker colours thefe arches may reach below 
the bow, and be feen diftiné. Inthe brighter colours thefe 
arches are loft in the inferior part of the principal light of the 
rainbow; but in all probability they contribute to the red tin- 
cture, wKich the purple of the rainbow ufually has, and is moft 
remarkable when thefe fecondary colours appear ftrongeft. 
However thefe fecondary arches in the brighteft colours may 
poffibly extend with a very faint light below the bow, and 
tinge the purple of thefe fecondary arches with a reddifh hue. 


12. Tue precife diftances between the principal arch 
and thefe fainter arches depend on the magnitude of the 
drops, wherein they are formed. To make them any degree 
feparate it is neceflary the drop be exceeding fimall. It is 
moft likely, that they are formed in the vapour of the cloud, 
which the air being put in motion by the fall of the rain 
may carry down along with the larger drops; and this may 
be the reafon, why thefe colours appear under the upper 

Fff2 part 
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x part. of, ‘the bow only, this vapour not defcending very low. 
Asa: irther confirmation of this, thefe colours are feen 
aroiek when the rain falls fromwery black clouds, which 
caufe the fierceft rains, by the fall whereof the air will be 
moft agitated. 





13. To the like alternate return of the fits of ealy tranf: 
miffion and. reflection in the paffage of light thrpugh the’ 
globules of water, which compofe the cloudé, Sir Isaac 
Newtown afcribes fome of thofe coloured circles, which 
at times appear about the fun and moon”. 


* Opt. B. I. part 4. obf. 13. 
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Maher nie wits ham : 





m IR Isaac Newton having concluded 
m@, cach of his philofophical treatifes with 
' fome general reflections, I fhall now 
take leave of my readers with a fhort 
account of what he has there delivered. 
At the end of his mathematical prin- 
? “ ciples of natural philofophy he has 
given us his thoughts concerning the Deity. Wherein he 
firft obferves, that the fimilitude found in all parts of the 
univerfe makes it undoubted, that the whole is governed by 
one fupreme being, to whom the original is owing of the 
frame of nature, which evidently is the effect of choice 
and defign. He then proceeds briefly to ftate the beft me- 
taphyfical notions concerning God. In fhort, we cannot 
conceive either of fpace or time otherwife than as necef- 
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farily exifting ; thisBeing therefore, on whom all others de- 
pend, muft certainly exift by the fame neceflity of nature. 
Confequently wherever {pace and time is found, there God 
muft alfo be. And as it appears impoffible tous, that {pace 
Should be limited, or that time fhould have had a beginning, 
the Deity muft be both immenfe and eternal,“ 


2. Ar the end of his treatife of optics he has propofed 
fome thoughts concerning other parts of nature, which he 
had not diftinély fearched into. He begins with fome. 
farther reflections concerning light, which he had not fully 
‘examined. In particular he declares his fentiments at large 
concerning the power, whereby bodies and light act on each 
‘other. In fome parts of his book he had given fhort hints 
at his opinion concerning this *, but here he expré{sly de- 
clares his conjecture, which we have already mentioned’, 
that this power is lodged in a very fubtle fpirit of a great elaftic 
force diffuled thro’ the univerfe, producing not only this, but 
many other natural operations. He thinks it not impoffible, 
that the power of gravity itfelf fhould be owing to it. On 
this occafion he enumerates many natural appearances, the 
chief of which are produced by chymical experiments. From 
mumerous obfervations of this kind he makes no doubt, that 
‘the {malleft parts of matter, when near contadt, act ftrongly 
on each other, fometimes being mutually attracted, at other 
times repelled. : 


3. THE attractive power is more manifeft than the other, 
'for the parts of all bodies adhere by this principle. And the 
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name of attraction, which our duthor hds given to it, has 
been very freely made ufe of by many writers, and as much 
_ objected to by others. He has often complained to 
me of having been mifunderftood in this matter. What 
che fays upon this head was not intended by him as a phi- 
lofophical explanation of any appearances, but only to point 
put a power in nature not hitherto diftinctly obferved, the 
caufe of which, and the manner of its aéting, he thought 
was worthy of a diligent enquiry. To acquiefce in the 
explanation of any, appearance by afferting it to be a gene- 
ral power of attraction, is not to improve our knowledge in 
philofophy, but rather to put a ftop to our farther fearch, 








